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Abstract
We study the shadows of four dimensional black holes in M-theory inspired models.
We first inspect the influence of M2-branes on such optical aspects for non-rotating
solutions. In particular, we show that the M2-brane number can control the circular
shadow size. This geometrical behavior is distorted for rotating solutions exhibiting
cardioid shapes in certain moduli space regions. Implementing a rotation parameter, we
analyze the geometrical shadow deformations. Among others, we recover the circular
behaviors for a large M2-brane number. In addition, we propose a possible connection
with observations (from Event Horizon Telescope or future devices) for a particular
M-theory compactification by deriving naive constraints on the M2-brane number in
the light of theM87? observational parameters. Investigating the energy emission rate
at high energies, we find, in a well-defined approximation, that the associated peak
decreases with the M2-brane number.
Keywords: Black holes, Shadows, Energy emission rate, M2-branes, M-theory.
∗belhajadil@fsr.ac.ma
†hasan.elmoumni@edu.uca.ma
‡torrente@cern.ch
§Authors in alphabetical order.
1
ar
X
iv
:2
00
8.
09
90
8v
1 
 [h
ep
-th
]  
22
 A
ug
 20
20
Contents
1 Introduction 2
2 Shadows of non-rotating black holes in M-theory 3
3 Shadows of rotating black holes in M-theory 7
3.1 Comparison with EHT observations . . . . . . . . . . . . . . . . . . . . . . . 12
3.2 Physical observables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
4 Energy emission rate 13
4.1 Non-rotating case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.2 Rotating case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
5 Discussions and concluding remarks 15
1 Introduction
Black holes were considered, until recently, objects to be treated only by theoretical physics
methods. Nowadays, their properties can be also observed, opening new windows in astro-
physics, cosmology and the study of gravity at non-trivial regimes. Among others, the physics
of such objects has led to remarkable results in many gravity models including M-theory, a
candidate for a quantum theory of gravity [1–3].
The first strong indication of the existence of black holes was the observation of the
gravitational waves [4]. Later, rather direct, evidence came with the first image of the
shadow of the black hole in M87? galaxy announced by the Event Horizon Telescope (EHT)
international collaboration [5,6]. In the near future, projects like the Black Hole Cam (BHC)
envisage to take images for Sagittarius A?, the supermassive black hole in the center of the
Milky Way galaxy [7]. With the M87? black hole shadow data in hand, we expect to make
progress on the understanding of gravity models. The predictions for the black hole physical
parameters of any gravity model, General Relativity (GR) and beyond, should be compatible
with such observational data, not only at qualitative levels but also at increasing levels of
the numerical accuracy.
The EHT data reveals that the M87? black hole has a mass M = (6.5 ± 0.7) × 109M
and a ring of a diameter θd = 42 ± 3 µas [8, 9]. Future improvements of the observations
will allow to have more precise and detailed information about the nature of the black hole
space-time and strong gravity regimes. Recently, the exploitation of such data has been
the object of intensive investigations dealing with the Einstein-Maxwell-Dilaton-Axion, the
Einstein-Æther theories of gravity [10, 12], extra dimensions [13] or GR gravity [14]. More
details and results on such activities can be found in [15–36].
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At low energies, M-theory is usually described by an eleven dimensional supergravity
involving solitonic brane objects. It has been shown that this theory can produce some
non-perturbative limits of superstring models after certain compactifications on particular
geometries [37]. Up to appropriate approximations, such models have been linked to the black
hole physics supported by the AdS/CFT correspondence [3]. In this context, a particular
emphasis has been put on the interplay between such a physics on Anti de Sitter (AdS)
geometries and thermodynamics. This has opened ways for further research, for example
the study of links with black hole thermodynamical aspects. Precisely, phase transitions
of numerous AdS black holes have been extensively studied providing non-trivial results
[38–41]. More recently, these thermodynamical properties have been combined with optical
ones in order to unveil such phase transitions [42]. These optical aspects, concerning the
shadow and the deflection angle, have been discussed using different approaches [10, 11].
In particular, it has been revealed that the shadows of non-rotating black holes involve a
circular geometry [43]. However, this geometry can be deformed by introducing the spin
rotation parameters [44]. It has been reported in multiple studies that the size of such a
geometry is sensitive to the physical parameters of beyond-GR models. In particular, it is
sensitive to the physical parameters of solutions including dark sectors [45].
The aim of this paper is the investigation of the shadow aspects of four dimensional black
holes in M-theory inspired models. We first analyze the M2-brane effect on such optical
behaviors for non-rotating solutions. In particular, we show that the M2-brane number can
be used to control the circular shadow size. This optical aspect is distorted in rotating
solutions involving cardioid shapes for certain moduli space regions. Precisely, we inspect
the influence of the M2-brane number and the rotation parameter on the geometrical shadow
observables. In addition, we propose a possible connection with the EHT collaboration data
for a particular M-theory compactification by deriving naive constraints on the M2-brane
number in the light of the M87? observational parameters. Studying the energy emission
rate at high energies of such M-theory black holes, we find that the corresponding peak
decreases with the M2-brane number among other properties.
The organization of this work is as follows. In section 2, we investigate certain optical
aspects of four dimensional non-rotating black holes in M-theory. In section 3, we examine
the shadow behaviors of the rotating black holes and attempt to make contact with EHT
observations. The energy emission rate is analyzed in section 4. The last section is devoted
to conclusions and open questions.
2 Shadows of non-rotating black holes in M-theory
We focus here on the study of the shadow properties of a non-rotating black hole solution
in M-theory with M2-brane objects. The bosonic sector of the corresponding supergravity
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effective theory at low energies is given by
16piG11 S =
∫
d11x
√−h
(
R− 1
2
|F4|2
)
− 1
6
∫
A3 ∧ F4 ∧ F4, (2.1)
where h is the space-time metric determinant and R represents the scalar curvature. The
field strength F4 = dA3 originates from the gauge potential 3-form A3 and G11 is the eleven
dimensional gravitational constant. A close inspection reveals that M-theory involves two
brane solutions, the M2 and the M5-branes. The near horizon geometry of such black M-
branes can be written as a product of AdS spaces and spheres as follows
XM−theory = AdSd × S11−d, (2.2)
where d = 4 or d = 7 corresponding to the M2 and the M5-branes respectively [37]. In this
work, we will focus on the M2, d = 4, case to make contact with observational black hole
physics. We expect similar results for the M5-branes since they are dual objects. In partic-
ular, we deal with a four dimensional solution relaying on the M2-brane physics associated
with the geometry
XM2 = AdS4 × S7. (2.3)
We assume first the, non-rotating, metric
ds2 = −f(r)dt2 + 1
f(r)
dr2 + r2(dθ2 + sin2 θdφ2) + L2AdSdΩ
2
7, (2.4)
where dΩ27 indicates the metric of the seven dimensional real sphere with a radius LAdS. In
this solution, the metric function f(r) takes the form
f(r) = 1− m
r
+
r2
L2AdS
. (2.5)
The integration constant m is related to the black hole mass M by the following relation
m = 2G4 ×M, (2.6)
where G4 is the four dimensional gravitational constant. Since the four dimensional AdS
solution is obtained from the compactification of the eleven dimensional theory on the seven
dimensional sphere, one can obtain
G4 =
G11
Vol (S7)
, (2.7)
where one has
G11 = 2
4pi7`9p, Vol
(
S7
)
= ω7L
7
AdS. (2.8)
Introducing LAdS, it has been shown that the eleven dimensional space-time
XM2 = (AdS4)LAdS/2 ×
(
S7
)
LAdS
, (2.9)
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described by the metric of Eq.(2.4), can be considered as the near horizon geometry of N
coincident M2-branes in an eleven dimensional supergravity limit of M-theory. In this way,
the AdS radius LAdS can be related to the M2-brane number N via the usual relation
L9AdS = 2
− 3
2pi3N
3
2 `9p (2.10)
where `p is the Planck length. In this framework, the mass parameter m becomes a M2-brane
number dependent
m(N) =
192× 21/6 pi2/3 `2pM
N7/6
. (2.11)
In this context, the metric function of Eq.(2.5) takes then the form
f(r) = 1− 192× 2
1/6 pi2/3 `2pM
N7/6 r
+
21/3 r2
N1/3pi2/3`2p
. (2.12)
To study the null mass geodesics (“photon” orbits) in this geometry, in the presence of M2-
branes, we exploit the Hamilton-Jacobi method based on the Carter factorization mechanism
developed in [46]. This method has been extensively used in the rotating solutions. Although
not strictly necessary for the non-rotating case, its use will allow one to establish a smooth
contact with the rotating case which will be studied later on.
According to [47], the photon equation of motion can be obtained using the Hamilton-
Jacobi equation
∂S
∂τ
+
1
2
gµν
∂S
∂xµ
∂S
∂xν
= 0, (2.13)
where τ is the affine parameter along the geodesics and where S is the Jacobi action written
as
S = −Et+ Lφ+ Sr(r) + Sθ(θ). (2.14)
E and L are the conserved energy and the conserved angular momentum, respectively. Sr(r)
and Sθ(θ) are functions of r and θ, respectively, which will be absorbed in certain relevant
relations. The geodesic equations, controlling the motion of the photon, can be expressed as
dt
dτ
=
E
f(r)
, (2.15)
dφ
dτ
=
L
r2 sin2 θ
, (2.16)
r2
dθ
dτ
= ±
√
Θ(θ), (2.17)
r2
dr
dτ
= ±
√
R(r). (2.18)
The expression R(r) and Θ(θ) are given as a function of the Carter constant K in the
following way
R(r) = E2r4 − r2f(r)(K + L2), Θ(θ) = K − L2 cot2 θ. (2.19)
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To analyze the shadow boundary, the expression of the effective potential for a radial motion
will be exploited. Using the relation(
dr
dτ
)2
+ Veff (r) = 0, (2.20)
we get the effective potential associated with M-theory backgrounds
Veff (r) =
[
1− 192× 2
1/6 pi2/3 `2pM
N7/6 r
+
21/3 r2
N1/3pi2/3`2p
]
(K + L2)
r2
− E2. (2.21)
The unstable circular orbits can be obtained by maximizing the effective potential
Veff
∣∣∣
r=r0
=
dVeff
dr
∣∣∣
r=r0
= 0, R(r)
∣∣∣
r=r0
=
dR(r)
dr
∣∣∣
r=r0
= 0, (2.22)
where r0 represents the circular orbit radius of the photon. From the expression of the
effective potential, we arrive to the following equations
Veff |r=r0 =
dVeff
dr
∣∣∣
r=r0
=

[
1− 192pi2/3 21/6 `2pM
N7/6 r
+ 2
1/3 r2
N1/3pi2/3`2p
]
(K + L2)− r2E2 = 0,
[
2 r − 576pi2/3 21/6 `2pM
N7/6
]
(K + L2) = 0.
(2.23)
It can be shown that the effective potential of a four dimensional non-rotating black hole
involves a maximum for the photon sphere radius r0 given by
r0 =
288× 21/6 pi2/3 `2pM
N7/6
. (2.24)
Now we are in position to discuss the shadow shapes in M-theory in the absence of the spin
parameter. For that purpose, we define the impact parameters η and ξ by
ξ =
L
E
, η =
K
E2
. (2.25)
With the help of Eq.(2.23) and Eq.(2.25), we obtain a real algebraic equation in terms of η
and ξ
η + ξ2 =
248832pi4/3 21/3N1/3 `4pM
2
248832 (2pi)2/3 `2pM
2 +N8/3
. (2.26)
To visualize the shadow of the four dimensional black hole from M-theory, we shall introduce
the celestial coordinates α and β reported in [47]. For simplicity reasons, we consider such
coordinates in the equatorial plane θ = pi
2
. Using Eq.(2.15) and Eq.(2.16), one obtains
α = lim
rO→∞
(
rOp
φ
pt
) = −ξ, (2.27)
β = lim
rO→∞
(
rOp
θ
pt
) = ±√η, (2.28)
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Figure 1: Left: Black hole shadows in the celestial plane (α − β) for different values of the
brane number N , with `p = 1 and M = 1. The red circle corresponds to N = 80. Right:
Shadow radius as a function of the brane number.
where rO is the distance between the observer and the black hole. In this way, the relation
given in Eq.(2.26) becomes
α2 + β2 =
248832pi4/3 21/3N1/3 `4pM
2
248832 (2pi)2/3 `2pM
2 +N8/3
, (2.29)
showing a perfect circular geometry.
To study the M2-brane effect, we inspect the corresponding geometry and the behavior of
the shadow radius Rc as a function of N . This is illustrated in Fig.(1).
It follows from this figure that the M2-brane number N , at first, increases the circular size
of the black hole shadow reaching a maximal value at
Nmax = 48× 7−3/8 37/8pi1/4 `3/4p M3/4 (2.30)
giving Nmax ≈ 80 for `p = M = 1. Then, it decreases towards zero at large values of N
(N →∞). It is noted that the gap between the circles describing the shadows decreases by
increasing the number of M2-branes.
Having discussed the non-rotating case, we consider next the behaviors of rotating M-
theory black holes. In particular, we introduce the spinning parameter to deal with the
associated optical properties.
3 Shadows of rotating black holes in M-theory
In this section, we study the shadow behaviors of a rotating four dimensional black hole in the
presence of N coincident M2-branes. Following [48], the line element, of the corresponding
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metric solution, reads as
ds2 = −∆r
W
(
dt− a
Ξ
sin2 θdφ
)2
+W
(
dr2
∆r
+
dθ2
∆θ
)
+
∆θ sin
2 θ
W
(
adt− r
2 + a2
Ξ
dφ
)2
, (3.1)
where the involved terms are given by
∆r = r
2 − 2mr + a2 + r
2
L2AdS
(r2 + a2), ∆θ = 1− a
2
L2AdS
cos2 θ, (3.2)
Ξ = 1− a
2
L2AdS
, W = r2 + a2 cos2 θ. (3.3)
To investigate the shadows of such a black hole solution, the equations of motion will be
needed. The relevant metric components are
gt t =
a2∆θ sin
2 θ −∆r
W
, (3.4)
gφ t = gt φ =
a sin2 θ [∆r −∆θ(a2 + r2)]
ΞW
, (3.5)
gφφ =
sin2 θ
[
(a2 + r2) ∆θ − a2∆r sin2 θ
]
Ξ2W
. (3.6)
Using the equation of the canonical conjugated momentum, we get
t˙ =
Egφφ + Lgt φ
(gt φ)
2 − gt tgφφ
. (3.7)
Replacing each metric component by its expression, we obtain
W
d t
dτ
=
(r2 + a2) [E (r2 + a2)− aLΞ]
∆r
+
a
(
LΞ− aE sin2 θ)
∆θ
. (3.8)
The second components of the light rays velocity are given by
φ˙ = − Egt φ + Lgt t
(gt φ)
2 − gt tgφφ
, (3.9)
W
dφ
dτ
= Ξ
[
Ea (r2 + a2)− a2LΞ
∆r
+
Ea sin2 θ − LΞ
sin2 θ∆θ
]
. (3.10)
The last two components of the velocity light rays can be obtained by considering the
Hamilton-Jacobi equation governing the geodesic motion in the space-time. Using the sep-
arable variable method developed in [47], we can get the null geodesic equations for the
photon particle around a rotating black hole in the presence of N coincident M2-branes.
Concretely, they are given by
W
d t
dτ
= E
[
(r2 + a2) [(r2 + a2)− aξΞ]
∆r
+
a
(
ξΞ− a sin2 θ)
∆θ
]
, (3.11)
W
dr
dτ
= ±
√
R(r), (3.12)
W
dθ
dτ
= ±
√
Θ(θ), (3.13)
W
dφ
dτ
= E Ξ
[
a (r2 + a2)− a2ξΞ
∆r
+
a sin2 θ − ξΞ
sin2 θ∆θ
]
. (3.14)
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In the M-theory rotating case, the expressions of R(r) and Θ(θ) are found to be
R(r) = E2
[[(
r2 + a2
)− aξΞ]2 −∆r[(a− ξΞ)2
∆θ
+ η
]]
, (3.15)
Θ(θ) = E2
[
η∆θ − cos2 θ
(
ξ2Ξ2
sin2 θ
− a2
)]
. (3.16)
As in the non-rotating solution, the unstable circular orbits correspond to the maximum
value of the effective potential. Roughly, a generic solution of such impact parameters can
be given in terms of r0, N , a and θ being needed for making contacts with other results
including the observational ones. In fact, they are given by
ξ =
(r2 + a2) ∆′r − 4r∆r
a Ξ ∆′r
∣∣∣∣
r=r0
, (3.17)
η =
r2
(
16 a2 ∆r ∆θ − (r∆′r − 4∆r)2
)
a2 ∆′r
2 ∆θ
∣∣∣∣
r=r0
, (3.18)
where one has used ∆′r =
∂∆r
∂r
. Precisely, an appropriate calculation generates the following
relations
ξ =
a2 (µ− νr30 + r0) + r20(r0 − 3µ)− a4νr0
a (a2ν − 1) (a2νr0 − µ+ 2νr30 + r0)
, (3.19)
η = δ +
4a4νr20 cos
2(θ) (a2 (νr20 + 1) + r0 (−2µ+ νr30 + r0))
a2 (a2ν cos2(θ)− 1) (a2νr0 − µ+ 2νr30 + r0)2
(3.20)
where δ, µ, and ν are expressed as follows
δ =
r30
(
4a2µ+ 6r20 (a
2µν + µ)− r30 (a2ν − 1)2 − 9µ2r0
)
a2 (a2ν cos2(θ)− 1) (a2νr0 − µ+ 2νr30 + r0)2
, (3.21)
µ =
192× 21/6 pi2/3 `2pM
N7/6
, (3.22)
ν =
21/3
N1/3pi2/3`2p
. (3.23)
Now, we analyze the shadow behaviors of a particular situation. Placing an observer at
infinity and considering the photons (null mass) near the equatorial plane θ = pi
2
, we obtain
the impact parameters
ξ =
a2 (µ− νr30 + r0) + r20(r0 − 3µ)− a4νr0
a (a2ν − 1) (a2νr0 − µ+ 2νr30 + r0)
, (3.24)
η =
r30
(
4a2µ+ 6r20 (a
2µν + µ)− r30 (a2ν − 1)2 − 9µ2r0
)
a2 (a2νr0 − µ+ 2νr30 + r0)2
. (3.25)
Following [47], the celestial coordinates in the equatorial plane given by Eq.(2.27) and
Eq.(2.28) are modified in the rotating case as follows
α = − ξ
sin θ0
, (3.26)
β = ±
√
η + a2 cos2 θ0 − ξ2 cot2 θ0, (3.27)
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where θ0 is the inclination angle.
Using the expression of Eqs.(3.24)-(3.25), and the celestial coordinates in the equatorial
plane, we can illustrate the shadows of such a four dimensional rotating black hole for certain
regions of the moduli space.
In what follows, we discuss the effect of the parameter a on M-theory shadow behaviors. It
is worth noting that we recover the circular geometry of the non-rotating case from very small
values of a, turning off the geometrical spinning effect. Using the real solutions of Eqs.(3.24)-
(3.25), we plot in Fig.(2) the associated shapes for different values of the M2-brane number
N and the rotation rate a.
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Figure 2: Shadow behaviors of a rotating black hole for different values of M2-brane number
N and the rotating rate a, for `p = 1 and M = 1.
We observe from this figure that for small values of the rotation rate a, the shadows
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Figure 3: Shadow behaviors inspired by geometric fibrations for N = 7 and N = 25 with
`p = 1 and M = 1 .
maintain the same circular geometries being slightly unsymmetrical about the central axes.
In such a region of the moduli space, the M2-brane number plays the same role as in the non-
rotating case by controlling the shadow size. Increasing the value of the rotation rate a, the
shadows are shifted from the center providing a D-shape. However, such a D-shape changes
to a cardioid geometry by decreasing the number N of the M2-branes. This behavior has
been obtained from other effects including the stringy and the dark matter sectors [49, 50].
It would be interesting to come back to this remark in future works. It is noted that when
we increase the brane number, such a shape becomes circular again showing that the brane
number effect can oppose to the rotation one.
It is useful to change the role of a from a parameter to a variable. This will reduce the
associated moduli space by considering the M2-brane number as a relevant parameter. In
this regarding, the shadow geometry will be embedded in a three dimensional space, instead
of the two dimensional one. For N ≤ 25, these geometric configurations are illustrated
in Fig.(3). As expected, the M2-brane number is confirmed as a real size parameter of
the shadow fiber over the interval ([0, 0.7]) corresponding to the spinning coordinate. In
particular, we remark that the size of the shadow fiber augments over the segment base.
Inspecting the M2-brane effect, we realize that two behaviors could appear. For small values
of such a parameter, the shadow fiber develops D and cardioid shapes. However, we recover
circular fibers by augmenting the M2-brane number. For a very large number of M2-branes,
the fiber size starts to decreases until it shrinks to zero.
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3.1 Comparison with EHT observations
The observation of the shadow of the supermassive black hole M87?, obtained by the EHT
collaboration, has opened many promising roads to probe various gravity regimes. We show
next that the present observational data is sensitive to M-theory, i.e. through N , the number
of M2-branes, and, it can be used to put constraints on the black hole parameters and then
on the M-theory itself. Indeed, focusing on the mass term in the metric considered as a
relevant part we inspect the black hole configuration shadows within different values of N
and the rotation parameter a. Then, we attempt to fit the observed shadow shape to M87?
one by considering the associated observational physical data. We find a good match for
values in the rage N = 190 − 200 and practically for any rotation parameter value. At
present levels of the accuracy, the data is sensitive to the M-theory brane number but not
to the rotation level. The results of this study are illustrated in Fig.(4) where we present
the best fit shape parameters. Taken at face value, these suggest a preliminary constraint
on the number of M2-branes in M-theory from the observational point of view [49].
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Figure 4: Black hole shadows for Nbestfit = 193 compared with M87 shadow, for different
values of a, using M = 1 in units of the M87? black hole mass given by MBH = 6.5×109M
and r0 = 91.2kpc [49].
3.2 Physical observables
We approach now the study of observables which can be useful for making contact with
other results concerning the rotating black holes. Two astronomical observables Rc and δc
controlling the size and the shape of the shadows, respectively, will be considered. Following
[44,51], the size is defined by three specific points which are the top and the bottom position
of shadows (αt, βt), (αb, βb) and a reference point (α˜p, 0). The point of the distorted shadow
circle (αp, 0) meets the horizontal axis at αp. In this way, the distance between the two latter
points is given in terms of a diameter parameter
Dc = α˜p − αp = 2Rc − (αr − αp). (3.28)
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In this geometrical picture, the parameter Rc of the shadow is approximatively given by
Rc ' (αt − αr)
2 + β2t
2|αt − αr| . (3.29)
The distortion parameter is characterized by the ratio of Dc and Rc
δc =
Dc
Rc
. (3.30)
It is straightforward to find analytic expressions for the theoretical predictions of such quan-
tities in terms of microscopical parameters. We plot the results in Fig.(5) where we present
Rc and δ as a functions of the rotation parameter a and the M2-brane number N . It is
observed that, for a fixed rotation rate a, the shadow size increases for large brane number
values N . The same behavior appears by fixing N and increasing the spinning parameter
a. Besides, the shadow size is larger for a ' 0.99 in comparison with other values of the
parameter a. Moreover, the distortion parameter δc, at fixed values of the rotating parame-
ter a, decreases for large values of N . For a fixed brane number N , however, the distortion
parameter δc increases when the parameter a does. Taking a = 0.1, it has been shown that
the distortion is almost null providing a circular geometry. A similar behavior is recovered
in terms of N . For values bigger than N = 100, for instance, the distortion becomes very
small implying that one can recover the perfect circular geometry.
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Figure 5: Astronomical observables Rc and δc, for different values of N and a with `p = 1
and M = 1.
4 Energy emission rate
It is recalled that, for a far distant observer and very high energies, the absorption cross-
section approaches the geometrical optical limit associated with the shadow of the black
hole. In other regimes, the absorption cross-section oscillates around this geometrical limit.
This limit has been expressed in terms of the geodesic properties for various theories. It
has been considered as the geometrical cross section of the photon sphere. Based on this
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approximation, it takes the following form
d2E(ω)
dωdt
=
2pi3R2c
e
ω
Ti − 1
ω3, (4.1)
where ω is the emission frequency and Rc is the shadow radius [52]. Here, Ti denotes the
temperature of the involved black hole given in terms of the horizon radius rh.
4.1 Non-rotating case
We first consider the non-rotating solution dealt with in the second section. For this solution,
the temperature is expressed as
Tnr =
1
2pirh
(
1− 192pi
2/3 21/6`2pM
N7/6 rh
+
24/3 r2h
pi2/3 `2pN
7/6
)
. (4.2)
The energy emission rate is plotted in Fig.(6) as a function of ω for different numbers of
M2-branes.
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Figure 6: Energy emission rate of non-rotating black holes as a function of the emission
frequency for different brane number values, with `p = 1 and M = 1.
It is remarked from Fig.(6) that, despite the M2-brane number N , the energy emission
rate varies slowly. This indicates that the evaporation process for this M-theory black hole
can be very slow. Increasing the M2-brane number, we get a lower energy emission rate.
This shows that the M2-brane number could be considered as a useful tool to tune the black
hole stabilization. For N ≥ 18, it has been observed that the energy emission rate decreases
very slowly. For N > Nmax, however, the energy emission rate is almost zero.
4.2 Rotating case
In the rotating case, using similar computations, we should get the temperature expressed
in terms of the horizon radius rh. Indeed, it is found to be given by
Tr =
rh
2pi (a2 + r2h )
(
1 +
21/3 (a2 + 2r2h )
pi2/3 `2pN
1/3
− 192pi
2/3 21/6 `2pM
N7/6 rh
)
. (4.3)
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As in the previous model case, we illustrate in Fig.(7) the energy emission rate as a function
of the emission frequency ω for different numbers of the M2-branes and the rotation rate a.
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Figure 7: Energy emission rate of rotating black holes as a function of the emission frequency
for different values of N and a, with `p = 1 and M = 1.
We observe, from this figure, a non-trivial behavior in the rotating case. The particle
emission rate increases by decreasing the M2-brane number. The evaporation process is
clearly faster compared to the non-rotating solution. Increasing the rotation rate parameter,
we remark that the emission frequency as well as the energy emission rate are lowered. In
this way, we obtain similar effects on the energy emission rate in terms of the M2-brane
number as the non-rotating case. Moreover, we find that the energy emission values are
quite high compared to the other cases. Increasing the parameter a, one needs more branes
to get reasonable results. This can be converted into a constraint on the M2-brane number
N provided by the emission rate reality condition, matching with the rotating black hole
properties.
5 Discussions and concluding remarks
In this work, we have investigated the black hole shadows in M-theory inspired geometries,
for both rotating and non-rotating solutions. The present study has been made in terms of
a reduced moduli space coordinated by the M2-brane number and the spinning parameter.
First, we have considered the photon orbits for non-rotating solutions by establishing the
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associated shadow circular equations. In particular, we have inspected the effect of the M2-
brane number. Such effects have been illustrated for a particular situation relying on the
equatorial plane. Concretely, we have realized that the brane physics could be exploited to
control the size of such behaviors. As expected, the rotation parameter has been used to
distort such a circular black hole shape. In certain regions of the moduli space, we have
shown that the shadows change from a D-shape to a cardioid one. A close examination has
revealed that this heart shaped could have some relations with the cosmological constant
and the charge via brane physics. This observation, being explored and supported by the
recent work [50], is the object of further research to be presented elsewhere. Moreover, we
have proposed a possible connection with observations (from Event Horizon Telescope or
future devices) for a particular M-theory compactification by deriving naive constraints on
the brane number in the light of the M87? observational parameters. the In addition, we
have promoted the role of the spin quantity from a parameter to a variable. In such a view,
the shadows have been viewed as a two dimensional object formed by a one dimensional
geometry fibered over the interval describing the rotating spin quantity. In this way, the
M2-brane number controls the size of the shadow fibers. Next, we have studied the energy
emission rates in certain geometric optical limits. Assuming that the area of the black hole
shadow is approximatively the high-energy absorption cross section, we have approached the
energy emission rate. The present results have revealed that the M2-brane number effect is
the same for the rotating and the non-rotating cases decreasing the energy emission rate. It
has been shown that the M2-brane number could be considered as a tuning tool to deal with
black hole stabilization issues. For the rotating case, some distinctions appear. Increasing
the rotation rate, the emission rate decreases.
This work opens up for further studies. One interesting question is to complete this
analysis by considering external sources involving dark sectors associated with axion stringy
fields [53]. We hope to report elsewhere on all mentioned open questions.
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